INTRODUCTION
Most of the conodont data presented in this report (table 1) were acquired to support 1:100,000-scale geologic mapping of the Winchester 30' x 60' quadrangle by the U.S. Geological Survey (USGS). Conodonts were chosen to provide a biostratigraphic framework for the Upper Cambrian to Mississippian marine carbonate rocks that make up about 25 percent of the Paleozoic strata exposed in the quadrangle ( ~ 2,130 m of the approximately 9, 450 m) of Paleozoic strata exposed in the quadrangle). Thicknesses of stratigraphic units are from McDowell (1991) , our own measurements, and from many of the stratigraphic reports and geologic maps listed in the references cited. Conodont biostratigraphic and color alteration index (CAl) analyses help identify stratigraphic units and structural discontinuities, particularly in the Upper Cambrian to Middle Ordovician chiefly carbonate rocks of the Shenandoah Valley and North Mountain fault zone. Conodont biofacies analyses provide additional information about the provincial affinities of the conodonts and the depositional environment of the rocks that contain them. Lithostratigraphic, biostratigraphic, paleoenvironmental, and CAl data for all conodont samples are given in table 1.
Conodonts are toothlike, relatively transparent, lamellar, apatitic microfossils (commonly 0.1-1 mm in size) that are biostratigraphic and organic metamorphic indices. Conodonts are the only known hard parts of an extinct group of primitive, probably jawless fishes that ar~ found in marine rocks of Late Cambrian through Triassic age. They are among the foremost biostratigraphic indices throughout their geologic range. More than 100 conodont zones have been used to subdivide latest Cambrian through Mississippian time. At least 27 of these zones were recognized in the carbonate rocks of the Winchester quadrangle (see accompanying stratigraphic column). Conodonts are most easily recovered from carbonate rocks and poorly indurated clastic rocks, although their abundance generally varies inversely with the rate of sedimentation. About 75 percent of the Paleozoic rocks in the Winchester quadrangle · are of inappropriate lithology for conodont extraction or are too old to contain true conodonts. These include indurated fine-to coarse-grained, relatively rapidly deposited siliciclastic rocks, rocks that formed in restricted marine and nonmarine environments, and rocks of Middle Cambrian age or older. Despite the great biostratigraphic utility of conodonts, their lifestyle(s) remains uncertain. The widespread occurrence of conodonts in marine rocks deposited in a variety of depositional environments has influenced many researchers to propose a pelagic mode of life for the conodont animal. Many taxa, however, are not obviously cosmopolitan or even provincial, and exhibit a spatial distribution influenced by poorly constrained, paleoenvironmental parameters. Undoubtedly, water temperature and chemistry, trophic resources, and turbidity were among the chief factors that influenced conodont distribution. The paleogeographic distribution of conodonts suggests they undoubtedly had more than one mode of life ranging from nektobenthic to fully pelagic.
Conodont elements grew throughout the life of the animal by periodic addition of a centrifugally deposited apatite layer followed by a layer of organic matter (e.g., Burnett and Hall, 1992) . During heating, the organic matter sealed between transparent apatite lamellae undergoes carbonization that produces gradual visible color changes from pale yellow, to amber, light brown, dark brown, and black in the range of 50° to 300°C (Epstein and others, 1977) . Above 300°C, conodonts change from black, to gray, opaque white, and, finally, to crystal clear as a result of carbon loss, release of water of crystallization, and recrystallization. All these color changes have been observed in natural collections and reproduced and calibrated by pyrolysis experiments in the laboratory (Epstein and others, 1977; Rejebian and others, 1987) . Because conodonts are index fossils as well as organic metamorphic indices, they have been used to produce time-based isograd maps that can, in turn, be used to assess depth and duration of burial, hydrocarbon and mineralization potential, and timing of tectonic events (e.g., others, 1978, 1980; Burnett, 1987; Nowlan and Barnes, 1987; Read and others, 1992) .
CONODONT COLLECTIONS
Most conodont samples in the Winchester 30' x 60' quadrangle and adjacent area were chosen to obtain biostratigraphic control and (or) CAl values and therefore have a biostratigraphic and structural bias. Samples were preferentially taken at tops and bottoms of formations and adjacent to structural discontinuities. Fourteen samples were collected along the North Mountain fault zone. Of the 198 conodont samples listed in Table 1 , 181 were collected specifically for this study. Table 2 shows the distribution of conodont samples by stratigraphic unit as well as the distribution of CAl values in each unit. Some stratigraphic units, such as the Keyser Limestone, were abundantly sampled even though they were already biostratigraphically well constrained (Denkler and Harris, 1988a) . These units were sampled preferentially because they consistently produce conodonts, thereby insuring a CAl data point. Alternatively, some units known to be poorly productive of conodonts and not well constrained biostratigraphically or biostratigraphically controversial were relatively abundantly sampled to establish age control (e.g., the Mahantango Formation and Harrell Shale).
All conodont samples, productive and barren, are shown on the map. The mapped area is divided into a matrix of 7 .5-minute quadrangles that are designated by an alpha-numeric system. Map localities are numbered consecutively within each 7 .5-minute quadrangle in order of decreasing age; these numbers are keyed to Table 1 . The map symbol indicates the age and is accompanied by the CAl value in bold type and an italicized quadrangle map number (see explanation on map). Table 1 gives the geographic and stratigraphic position, alpha-numeric designation, age, CAl value, faunal list, biofacies, depositional environment, sample and residue weights, and rock and heavy-mineral description for each sample.
CONODONT BIOSTRATIGRAPHY AND CAl
Stratigraphic units that were not sampled for conodonts are not discussed below; thicknesses for these units are given in the stratigraphic column.
Conococheague Limestone (uppermost Cambrian and lowermost Ordovician) [ ~ 750 m]
The Conococheague Limestone consists of laminated to ribbon limestone, dolostone and, near the top, minor sandstone to sandy carbonate and is locally stromatolitic (Butts and Edmundson, 1966) . Overall, the unit is poorly productive of conodonts and, where possible, collections were taken from rare, finely bioclastic beds. The upper 100 m were preferentially sampled in order to refine the position of the Cambrian-Ordovician boundary. The Cambrian-Ordovician Boundary Working Group of the Subcommission on the Ordovician System of the Commission on Stratigraphy of the International Union of Geological Societies has recommended that conodonts be used to position the base of the Ordovician System (see Norford, 1988) . Presently, the base ofthe Cordylodus lindstromi Zone is the favored level (see stratigraphic column). Orndorff (1988) recovered conodonts indicative of the C. intermedius Zone or C. lindstromi Zone at least 20 m below the top of the Conococheague in the Edinburg 7.5-minute quadrangle (about 15 km south of the central southern border of the Wardensville 7.5-minute quadrangle, E2). His collections indicated that the Cambrian-Ordovician boundary is either just below or above the top of the Conococheague, but did not confirm the presence of Ordovician strata..
Of 11 samples collected from the Conococheague Limestone, four were barren, including the only sample taken from the lower part of the formation (AG-1) . A sample near the top of the Conococheague (WI-2) produced C. lindstromi and Eoconodontus notchpeakensis, among other conodonts, indicating the C. lindstromi Zone and confirming an earliest Ordovician age for beds near the top of the formation . Other biostratigraphically significant collections from the upper part of the Conococheague include: 1) the P. muelleri Zone or Eoconodontus Zone (WH-la, ~ 70 m below top of formation ) ; 2) the Eoconodontus Zone (B0-1 and WH-lb, ~60 m and ~67 m below top of formation; MA-l); and 3) the Clavohamulus elongatus Subzone of the C. proavus Zone (WI-1, ~100m below top of formation).
CAl values in the Conococheague Limestone generally range from 4--4.5 to 4.5-5. One anomalously low value of 3.5-4 (TB-1) is from a fault slice in the North Mountain fault zone, suggesting derivation of the slice from a lower thrust sheet of lower prethrusting thermal maturity. A range of CAl values from 4.5 to 7 but exclusive of 5, occurs at locality WI-1 , suggesting some bleaching of conodonts that may be related to hydrothermal activity. Some of the conodonts in this sample are deformed and severely fractured.
The average CAl value in the Conococheague Limestone is about 4.5, indicating these conodonts reached about 250°C. The stratigraphic succession and isopach trends in this part of the Appalachian basin suggest burial depths of at least 8 km (thick-2 nesses of stratigraphic units are given below or in the accompanying stratigraphic column). Thermal maturity studies in the Appalachian basin (Harris and others, 1978; Harris, 1979) suggest average geothermal gradients for this part of the basin. According to Robert (1988) , sedimentary basins have average geothermal gradients of 25° to 27°C/km. USing 25°C/km, a surface temperature of ~ l5°C, and a burial depth of at least 8 km, the Conococheague conodonts should have reached at least 200°C. Because CAl values in the Conococheague are somewhat higher, sedimentary and tectonic overburden were probably at least 10 km and (or) geothermal gradients may have been higher (see Beaumont and others, 1987) .
Beekmantown Group
Stonehenge Limestone (lower Lower Ordovician) [90-250 m] The contact between the Conococheague and Stonehenge Limestones is gradational and generally concealed, but can be approximately located by sandstone float that marks the upper part of the Conococheague. The Stonehenge is fine-to mediumgrained, thick-bedded, locally laminated limestone that generally produces abundant, biostratigraphically diagnostic conodonts. All nine samples taken for this study produced index species. A sample near the base of the formation (IN-la) contains conodonts of the C. angulatus Zone orR. manitouensis Zone. Another sample 100 m higher at the same locality (IN-lb) is indicative of the R. manitouensis Zone. It is likely that the lower sample is of angulatus Zone age because the upper part of the underlying Conococheague is as old as the lindstromi Zone and no younger than the angulatus Zone. All other samples from the Stonehenge are representative of the R. manitouensis Zone including a collection from near the top of the formation (B0-2) .
Like the Conococheague Limestone, CAl values in the Stonehenge Limestone generally range from 4--4.5 to 4.5-5. This seems reasonable as only a few hundred meters separates most samples from the two formations. One sample has a CAl as low as 4.
Rockdale Run Formation (Lower and lowermost
Middle Ordovician) [ 450-900 m] The contact of the Stonehenge Limestone and Rockdale Run Formation is placed at the base of the first massive dolostone. The Rockdale Run consists of shallowing-upward cycles of limestone to dolostone; white chert and stromatolites are locally abundant. All but one of the 13 samples taken produced generally common to abundant conodonts. The lower part of the formation contains conodonts of the R. manitouensis Zone and low Fauna D (e.g., MI-3 and FR-1) , the middle part contains Fauna D (WI-4) and 0. communis Zone (WH-2) conodonts, and the upper part was not sampled. Our conodont collections (Repetski and Harris, 1986) from the upper 125 m of the Rockdale Run along the C & 0 Canal in the Williamsport 7.5-minute quadrangle ( ~ 15 km northeast of the northeast corner of the Winchester 30' x 60' quadrangle) indicate a M. flabellum-T. laevis to lower H. sinuosa zonal interval. The same interval occurs in the uppermost part of the Beekmantown Group at Tumbling Run in the Toms Brook 7.5-minute quadrangle (F1; TB-2) . It seems likely that the upper part of the Rockdale Run in the Winchester quadrangle is of similar Middle Ordovician age.
CAl values generally range from 4--4.5 to 4.5-5 (table 2) , identical to values in the underlying Conococheague and Stonehenge Limestones. Two collections having a somewhat lower CAl value of 4 (TS-2, 3) are from a fault slice within the North Mountain fault zone.
Pines burg Station Dolomite (lower Middle Ordovician) [-150m]
The Pinesburg Station Dolomite, the highest formation of the Beekmantown Group, consists of massive, laminated, stromatolitic, generally saccharoidal dolostone. Solution collapse features and exposure surfaces are common. These rocks represent some of the most restricted marine deposits in the Beekmantown Group. Consequently, conodonts are relatively rare and large samples ( -10 kg) should be processed for any chance of conodont recovery. Almost all collections are from the upper half of the formation and indicate the H. holodentata Zone into the C. friendsvillensis Zone (see stratigraphic column). Phragmodus flexuosus occurs in the uppermost beds at locality Ml-5 indicating an age no older than the C. friendsvillensis Zone. At the type locality along the Potomac River in Maryland, the lower part of the formation extends into the H. sinuosa Zone (Repetski and Harris, 1986) .
Background CAl values in the Pinesburg Station Dolomite are chiefly 4. At least two samples have a range in CAl values that include 4, 4.5, 5.5, and 6 as well as corroded conodonts. Conodonts from the Pinesburg Station in northern Virginia and Maryland are characteristically corroded and have a range in CAl values. A broad range of CAl values within a single sample generally implies hydrothermal alteration (Rejebian and others, 1987) . Because CAl values of 4 and 4.5 occur with CAls of 6, it is likely that relatively low-temperature brines produced the CAl 6 values by corroding some conodonts and oxidizing their organic matter. Solution collapse structures, combined with many features that indicate a restricted marine depositional regime for the Pinesburg Station Dolomite, suggest the likelihood of evaporite-bearing horizons that could have produced low-temperature saline solutions and permeable pathways for hydrothermal fluids.
New Market Limestone (Middle Ordovician) [ -20 m]
This unit of medium-to dark-gray, irregularly thin-bedded to massive carbonate mudstone to micrite containing abundant fenestrae, local algal laminae, and gastropods, almost always yields conodonts (table 2) . The conodonts are predominantly robust fragments of warm, shallow-water forms. Conodonts and sedimentary features suggest postmortem transport within or into an intermittently restricted environment. The presence of rare Phragmodus flexuosus from the base (MA-4) to the top of the formation indicates an interval from the C. friendsvillensis Zone into the lowermost Pl. aculeata Zone. A collection from the base of the formation in the Stephenson quadrangle (SS-2b) contains Paraprioniodus costatus which, combined with nearby occurrences of Ph. flexuosus, restrict the age of the base of the New Market to a level within the C. friendsvillensis Zone. The occurrence of Baltoniodus gerdae through the upper half of the succeeding Lincolnshire Limestone in the southeast part of the Winchester 30' x 60' quadrangle and in much of the Chambersburg Limestone in the northeast indicates that the top of the New Market is probably no younger than the C. sweeti Zone.
CAl values in the New Market Limestone are predominantly 4 and 4-4.5 . This unit is at least 1 km higher in the section than the Conococheague and Stonehenge and has proportionately lower CAls that indicate the host rock reached about 200° to 230°C. Once again, lower CAl values of 3.5-4 occur in two fault slices in the North Mountain fault zone (MF-3, WH-3).
Edinburg Formation (Middle Ordovician) [ -160 m]
The Edinburg Formation consists of medium-dark-to dark-gray, irregularly nodular-bedded, argillaceous, bioturbated carbonate mudstone to wackestone contaihing abundant skeletal debris and minor calcareous shale. It overlies the more massive and less argillaceous Lincolnshire Limestone. Both Units are restricted to the southeast part of the Winchester 30' X 60' quadrangle. The Edinburg consistently yields sparse to common conodonts (table  2) . Conodonts from 17m above the base of the Edinburg (TB-2c) represent the Baltoniodus gerdae Subzone of the Amorphognathus tvaerensis Zone and are Blackriveran. Those from the upper 0.5 m (MI-9) are of Middle Ordovician age, no younger than the lower Ph. undatus Zone.
CAls are virtually the same as for the New Market (table 2) , predominantly 4 and 4-4.5, and also somewhat lower (3.5 and 3.5-4) in fault slices along the North Mountain fault zone (TB-5, MF-4)
Chambersburg Limestone (Middle Ordovician) [ -175 m]
The Chambersburg Limestone contains interbedded dark-to medium-gray, knobbly bedded, fossiliferous, fine-grained wackestone, thin-bedded to massive carbonate mudstone, and irregularly thin-bedded, argillaceous carbonate mudstone. The unit becomes increasingly argillaceous towards the top. The contact with the underlying New Market Limestone appears to be gradational over an interval of about 2-3 m. The Chambersburg Limestone is laterally gradational into the Lincolnshire Limestone and Edinburg Formation to the southwest. Where the Lincolnshire is absent, the knobbly and argillaceous limestone interval between the New Market Limestone and Martinsburg Formation is assigned to the Chambersburg. The Chambersburg occurs in the northeastern part of the Winchester 30' x 60' quadrangle, east of the North Mountain fault zone. The most complete exposure of the Chambersburg in the Winchester quadrangle area is in the Stephenson 7.5-quadrangle (13). About 130m of Chambersburg overlies the New Market and about another 40 m of the uppermost Chambersburg are covered (R. C. Orndorff, USGS, oral commun., 1993) .
Conodonts are common to abundant in the Chambersburg but become less common toward the top of the formation as the unit becomes finer grained and more argillaceous. Several samples that produced abundant biostratigraphically diagnostic conodonts were taken from a roadcut that exposes at least half the formation {IN-5). Most of the succession is within the B. gerdae Subzone of the A. tvaerensis Zone (IN-Sa-h), but the highest collection (lN-5i) contains representatives of Periodon aff. P. grandis that suggest a level above the gerdae Subzone. CAl values are predominantly 4 and, rarely, 4-4.5.
"Oranda" Formation (Middle Ordovician) [ -230 m]
As originally defined (Cooper and Cooper, 1946) , the Oranda Formation is too poorly exposed and too thin to map at a scale of 1:100,000 but is mappable at a scale of 1:24,000 (Rader and Biggs, 1976) . The contact with the underlying Edinburg is at the base of the lowest calcareous siltstone. The Oranda of Cooper and Cooper (1946) consists of dark-gray shaly carbonate mudstone and lesser calcareous shale and siltstone. For mapping purposes in the Winchester quadrangle, the "Oranda" is provisionally modified to include the overlying platy carbonate-bearing interval that has been previously included in the Martinsburg Formation (Orndorff and others, 1993 ). Conodonts are rare and biostratigraphically relatively unrewarding in the "Oranda"(tables 1 and 2). The few productive samples yielded coniform elements and rare phragmodids and periodontids that are probably postmortem winnows. The occurrence of Phragmodus undatus (TB-3) and a bentonite chemically fingerprinted as the Millbrig Bentonite Bed (S.M. Bergstrom, Ohio State University, oral commun., February 1993) in the lower 100 m of the formation restricts this part of the unit to the lower undatus Zone. CAI values are 4 , 4-4.5 , and 4.5.
Martinsburg Formation (Upper and Middle Ordovician)
[ ~ 1,100-1,600 m]
The Martinsburg Formation consists of interbedded shale, silty shale, and lesser greywacke siltstone and greywacke sandstone. Calcareous intervals occur in the lower part of the formation . Greywacke-sandstone is commonly graded (fining upwards), lenticular, and becomes thicker bedded and more abundant in the upper part of the formation ; it makes up less than 10 percent of the formation . Following Orndorff and others (1993) , the interval of platy limestone interbedded with shale formerly included in the lower part of the Martinsburg is here included in the "Oranda" Formation. The contact between the Martinsburg and "Oranda" is gradational. Only one sample (WA-1) , from the top of the Martinsburg near the axis of the North Mountain anticline ( fig. 1 ) , was calcareous enough to process for conodonts. The sample is from the Orthorhynchula bed and produced only long-ranging conodonts that merely indicate a Late Ordovician age. The CAI value at the single Martinsburg locality is 3.5--4.
McKenzie Formation (Upper Silurian; Ludlovian) [ ~25 m]
A carbonate bed that is questionably within the highest part of the McKenzie Formation was sampled for conodonts at one locality (YS -1). Alternatively the sample could be within the lower Wills Creek Formation. Farther west and south, strata assigned to the McKenzie Member of the Mifflintown .Formation by Helfrich ( 1975) commonly contain carbonate beds which yield Ozarkodina snajdri snajdri in their upper part. The lower member of the Tonoloway Limestone also contains 0 . s. snajdri in addition to 0. s. crispa indicating the Lower 0. remscheidensis Subzone (Denkler and Harris, 1988b) of the late Ludlovian. It is likely that the upper part of the McKenzie Member of Helfrich (1975) represents the snajdri Zone. Our conodont collection that is questionably referred to the McKenzie Formation appears to be somewhat older as it contains only specimens of a bizarre form that we assign·. to aff. "Ozarkodina " cf. "0. " douroensis of Uyeno (Thorsteins' son and Uyeno, 1980) . " 0 ." cf. " 0 ." douroensis is known from beds of early or possibly middle Ludlovian age in the Canadian Arctic islands and central Nevada. Paleontologic constraints and regional stratigraphic relationships in the central Appalachian basin, however, suggest this collection is of middle Ludlovian, possibly P. siluricus Zone age.
All conodonts collected from Upper Silurian and Lower Devonian rocks west of the North Mountain fault zone and east of Mill Creek Mountain in the Winchester 30' x 60 ' quadrangle have CAl values of 3.5-4 or 4. The collection from the McKenzie Formation is from this area and has a CAI of 4.
Wills Creek Formation (Upper Silurian; upper Ludlovian)
[18-~80 m]
The Wills Creek Formation generally increases in thickness westward across the quadrangle. It consists of greenish-, reddish-, or dark-gray, calcareous shale containing interbedded argillaceous, generally laminated, carbonate mudstone to micrite. Of the two 4 samples of Wills Creek collected, only one produced conodonts. This unit formed in a chiefly restricted carbonate mudflat environment (Denkler and others, 1983) and is poorly productive of conodonts (see Helfrich, 1975) . The Ozarkodina snajdri crispa Zone occurs in the middle part of the Wills Creek at Pinto, Md. , in the Cresaptown 7.5-minute quadrangle (C6) just north of the Winchester quadrangle (Helfrich, 1975) . Conodonts in the one productive sample (YS-2) merely indicate a Ludlovian age and have a CAl of 3.5--4, typical for this part of the section in this area.
Tonoloway Limestone (Upper Silurian; upper Ludlovian and Pridolian) [15-180 m]
The Tonoloway Limestone thickens westward and consists of medium-to dark-gray, thin-bedded to massive, generally laminated carbonate mudstone, argillaceous micrite, and wackestonepackstone locally containing comminuted shell debris and, in the middle part of the formation , stromatoporoid biostromes. Conodonts are rare to common (table 2) but virtually absent in the laminated carbonate mudstones; large samples ( ~ 10 kg) are required for adequate yield. Conodonts from this and correlative units were described by Helfrich (1975) and Denkler and Harris (1988b) . The lower member is within the Lower 0. r. remscheidensis Subzone, the middle member within the H . peniculus Zone, and the upper member is within the 0 . r. remscheidensis Zone (Denkler and Harris, 1988b) . The Ludlovian-Pridolian boundary appears to coincide with the boundary between the lower and middle members of the formation. The top of the formation is still within the Pridolian. Our most biostratigraphically diagnostic collection (WS-1) , from the lower part of the T onolo- The Keyser Limestone is medium-to medium-dark-gray, chiefly irregularly bedded to locally crossbedded, medium-bedded to massive (locally thin bedded) , fossiliferous, bioturbated, packstone/grainstone and lesser wackestone. This unit nearly always yields common to abundant conodonts so that it was preferentially sampled to insure CAI data points (table 2) . Elsewhere in the Appalachian basin, the Silurian-Devonian boundary lies about 3 m below the top of the Keyser on the basis of conodonts (Denkler and Harris, 1988a) . All but possibly two samples collected for this study are of Pridolian age. Sample CB-3c contains Oulodus elegans and 0. cristagalli, indicating a very latest Pridolian age (Denkler and Harris, 1988a) , and GC-2a contains 0. elegans and Icriodus sp. indet. suggesting a probable earliest Lochkovian age. The latter is 3.6 m below another Keyser sample (GC-2b) which must also be of probable earliest Lochkovian age.
CAl values in the Keyser Limestone are predominantly 3.5--4, uncommonly 4 , and rarely 3.5 (table 2) suggesting these rocks reached at least 180° to 200°C. Currently, at least 5 km of overburden lies on the Keyser in the central Winchester quadrangle which would account for burial of only about 150°C assuming average geothermal gradients. The CAI, however, suggests that at least 2 km of overburden were stripped from the area since the Paleozoic.
New Creek Limestone (lowermost Devonian; lower Lochkovian) [2-4m]
This thin unit of medium-light-to medium-gray, mediumbedded to massive, planar-to crossbedded, fossiliferous packstone to grainstone consistently produces common to abundant, but generally abraded and fragmentary conodonts. Species assemblages include oulodids, ozarkodinids, coniform apparatuses, and icriodids. The occurrence of Icriodus woschmidti in the upper meter of the formation (KE-3) as well as in the uppermost part of the underlying Keyser Limestone restricts the New Creek Limestone to the earliest Lochkovian I. woschmidti Zone (see Denkler and Harris, 1988a) . CAl values are 3.5 and, less commonly, 3.5-4.
Corriganville Limestone (lowermost Devonian; lower Lochkovian) [4-10 m]
The Corriganville Limestone is a fossiliferous (chiefly brachiopods and echinoderms), partly argillaceous, irregularly bedded, medium-gray packstone-grainstone to calcisiltite that characteristically contains medium-to light-gray chert nodules and lenses that form as much as 50 percent of the unit. Conodonts are rare to common; all four samples collected were productive. At one locality (L0-1) the unit contains Icriodus woschmidti, indicating an earliest Lochkovian age. Elsewhere, Oulodus cristagalli is common, suggesting that the formation is no younger than the middle Lochkovian 0. delta Zone. CAl values are 3-3.5 and 3.5, slightly lower than in the underlying New Creek Limestone.
Licking Creek Limestone ( Lower Devonian; Lochkovian and lower Pragian?) [ .--:...35 m]
The Licking Creek Limestone is restricted to the easternmost outcrop belts of Lower Devonian rocks west of the North Mountain fault zone. The lower member of the Licking Creek (Cherry Run Member) consists of fossiliferous , irregularly and wavy bedded packstone-wackestone to silty carbonate mudstone containing beds, lenses, and nodules of dark-gray chert to irregular beds of chert containing nodular limestone and rare calcareous sandstone and siltstone. The upper member is fossiliferous, massive-to medium-bedded, medium-to coarse-grained, locally quartzose packstone to grainstone. Conodonts are rare to common in the lower member but become increasingly abundant (chiefly icriodids) in the upper member. The basal meter of the Licking Creek yields I. woschmidti Zone conodonts (MF-6) and E. s. sulcatus or E. s. kindlei Zone conodonts in the upper member (G0-3) . This unit appears to represent much of the Lochkovian. CAl values range from 3.5-4 to 4.
Shriver Chert (Lower Devonian; upper Lochkovian) [~50 m]
The Shriver Chert is a dark-gray, locally fossiliferous, cherty calcisiltite to nodular and irregularly bedded chert containing wackestone to carbonate mudstone nodules and lenses. Towards the top of the unit, silt-and sand-sized quartz becomes increasingly abundant. The contact with the overlying Oriskany Sandstone is gradational. Conodonts are not easily recovered from this unit because of pervasive silicification. Carbonate lenses and nodules produce rare to common conodonts. A sample 12.5 m below the top of the formation (ME-lc) produced conodonts of the late Lochkovian P. pesavis Zone. CAis are 3-3.5 and 3.5.
Oriskany Sandstone (Lower Devonian; Pragian) [18-90 m]
In the eastern part of the Winchester quadrangle, the Oriskany Sandstone is a heterogeneous unit consisting of irregularly interbedded light-to medium-gray, thick-bedded, locally conglomeratic and crossbedded, brachiopod-bearing calcareous sandstone and quartzose wackestone to grainstone. The Marcellus Shale is mainly dark-gray to grayish-black, pyritic, laminated shale containing carbonate concretions and rare carbonate mudstone beds, the most widespread of which is the Purcell Member. The base of the formation includes the Tioga Ash Bed. Eight conodont samples were collected (table 2); three were barren, two produced indeterminate fragments, two contained conodonts of Middle Devonian age, and one sample from the Purcell Member (SP-8) produced conodonts of the Po. c. costatus Zone. According to R.C. McDowell (USGS, oral commun., 1993) the Purcell occurs ~45 to 60 m above the base of the formation in the Mountain Falls 7.5-minute quadrangle. Dennison (1963) shows the Purcell in the lower one-third of the Marcellus in the Keyser IS-minute quadrangle. A sample (MF-9) from a calcareous interval that is apparently younger than the Purcell produced conodonts of late Eifelian or early Givetian (probably late Eifelian) age. Conodonts from the Marcellus have a range in CAis of 3 to 4.
Mahantango Formation (Middle Devonian; Givetian)
[~60-365 m]
The Mahantango Formation is composed largely of shale, mudrock, siltstone, and sandstone that is locally fossiliferous. Some beds are very slightly calcareous. Locally, a coralline, calcareous, sandy siltstone, the Pokejoy Member (0-2 m), occurs 1-2m below the top of the Mahantango. Rugose corals as much as 3 em in diameter are abundant and are generally not in growth position. Conodonts are not readily recovered from the Mahantango. Fifteen samples were collected and all but one sample are from the Pokejoy or probable Pokejoy Member. Nine samples were barren, six produced conodonts of Middle Devonian age, and four of these constrained the age to the Givetian. Hasson and Dennison (1988) in the western part of the Winchester quadrangle are of earliest Late Devonian age and are part of the Harrell Shale. A thin interval of interbedded calcareous shale and faintly laminated, fine-grained wackestone to carbonate mudstone that occurs just west of the Winchester 30' x 60' quadrangle (RG-1) is, however, assigned to the Tully. The limestone beds are barren or poorly productive of conodonts; the few specimens recovered suggest a Givetian age. The conodonts are completely to partly coated with argillaceous material so that the CAl value can only be estimated at 3 to 4.
Harrell Shale (Upper Devonian; lower Frasnian) [0-64 m]
The Harrell Shale consists chiefly of medium-dark-gray to black, laminated shale and rare laminae, thin beds, and concretions of silty limestone to calcareous siltstone and mudrock. The interval containing black shale and carbonate, the Burket Shale Member, is at or near the base of the formation and is 0-20 m thick. The Harrell is limited to the western one-fourth of the Winchester quadrangle. Of the 16 samples collected from the formation, six were barren. Conodonts are rare to abundant. Virtually all abundant samples are from very thin carbonate lenses, laminae, or concretions. The conodont-bearing beds and laminae are tempestites, some of which were the source of carbonate that diagenetically formed concretions. The best section of the Harrell Shale in the Winchester 30' x 60' quadrangle is exposed in roadcuts along U.S. Rt. 50 just west of Burlington, W.Va. (BU-4). The Harrell section there is fault bounded. Conodonts are locally abundant; three of the eight conodont samples from locality BU-4 produced index species that restrict this part of the Harrell to an interval from the upper Lower M. falsiovalis Zone to the lower part of the Palmatolepis transitans Zone. Other localities that produced conodonts of similar age are KE-6 and ME-2. Detailed regional relations of the Harrell Shale and overlying, underlying, and correlative units are given in Weary and Harris (1992) .
CAl values are predominantly 3-3.5 and 3.5 indicating these rocks reached at least 150°C. Using stratigraphic thicknesses given in Dennison ( 1963) for the Keyser quadrangle, present overburden on the Harrell is 3.3 km including rocks as young as early Late Pennsylvanian in age. Assuming an average geothermal gradient of 25°C/km, present overburden can only account for a burial at 6 about 100°C suggesting that at least 2 km of Pennsylvanian and younger rocks have been removed since the Paleozoic and (or) that geothermal gradients previously were higher.
Romney Shale (Middle and Upper Devonian) [305-580 m]
Because of poor exposure, complex structure, and lack of key beds and biostratigraphically diagnostic fossils, the Middle and lowermost Upper Devonian interval of chiefly siliciclastic rocks, from the base of the Needmore Shale to the top of the Harrell Shale, is locally assigned to the Romney Shale. Four samples that were barren or lacked conodont index species were assigned to the Romney. The two productive samples are of Middle Devonian age (HE-1 and SP-4). CAl values are 3.5 and ~4.
Chemung Formation (Upper Devonian; Frasnian)
[365-1,150 m]
The Chemung Formation, with rare exceptions, is of inappropriate lithology for conodont extraction. It is composed of mediumto coarse-grained, thick-bedded, locally crossbedded and conglomeratic sandstone, medium-to thick-bedded siltstone, and minor shale. Beds are locally fossiliferous. Two collections made at different times from the same carbonate-rich brachiopod shell hash bed produced relatively diagnostic conodonts. Sample MF-12a produced a faunule that indicates an interval from the upper part of the Upper M. falsiovalis Zone to the Lower Pa. hassi Zone.
Although the collections are from a low position in the Chemung and from the older eastern outcrop belt of the formation, the conodonts indicate an age somewhat older than expected. The Chemung of the eastern part of the Winchester quadrangle is not much younger than the Harrell Shale of the western part of the quadrangle. CAl values at the single locality are 3.5 to 4.
Greenbrier Limestone (Upper Mississippian; Chesterian)
[~72 m]
The Greenbrier Limestone consists of medium-grayish-brown to greenish-gray, medium-to coarse-grained, well-sorted, crossbedded, sparsely fossiliferous, quartzose grainstone (Loyalhanna Limestone Member), overlain by medium-pinkish-gray, mediumto very coarse-grained, poorly-sorted, crossbedded quartzose grainstone (Deer Valley Limestone Member), followed by a thick reddish-brown siliciclastic unit (Savage Dam Member), and, finally, dark-brownish-gray to medium-light-gray, thin-to mediumbedded, nodular, brachiopod-rich, partly bioturbated, argillaceous lime wackestone to grainstone (Wymps Gap Member). The magnitude of the unconformity separating the Greenbrier from the underlying Pocono Formation is speculative as the age of the top of the Pocono is not well constrained within the Osagean and Meramecian (Brezinski, 1989) . Six conodont samples were collected from a measured section just west of the northwest corner of the Winchester 30' x 60' quadrangle (Brezinski, 1989, Joe. 8) ; all produced conodonts of Chesterian, but not late Chesterian age. The occurrence of Hindeodus cristulus and Cavusgnqthus unicornis in the lower 0.5 m of the Greenbrier (WP-2a) restricts the base of the formation to the Chesterian. A sample from 1 m below the top of the formation (WP-2f) contains H. cristulus, H. spiculus, and C. unicomis indicative of a Chesterian but not late Chesterian age.
CAl values are 2.5-3 indicating the hqst rock reached about 100° to 130°C. Existing stratigraphy accounts for about 2 km of overburden and therefore burial at about 70°-80°C, using the same calculations outlined above for the Harrell Shale. Thus, once again, at least 2 km of Pennsylvanian and younger rocks have heen removed from the area since the Paleozoic or geothermal gradients were higher than average to account for CAl values of 2.5-3. (85) . CAl values in Lochkovian rocks are 3.5--4 and 4 in the east (MF--6, 7) and 3.5 and 3-3.5 in the west (KE-3, 4) On the basis of CAl temperature calibration (Epstein and others, 1977; Harris and others, 1978) and assuming an average geothermal gradient (25°C/km and a surface temperature of ~ 15°C), Lower Devonian rocks in the Mountain Falls quadrangle should have been buried about 1-1.5 km deeper than Lower Devonian rocks in the Keyser quadrangle (B5). Using a mathematical, geodynamic model, Beaumont and others (1987) calculated about 6 km of cumulative post-Alleghanian erosion in the Keyser area and about 7 km near the Mountain Falls area (also see Roden, 1991, fig. 8) . Although their values for modeled Permian isopachs (7.6 km of Permian in the Keyser area) seem inordinately great, the isopach maps of Beaumont and others (1987) suggest that Pennsylvanian and Permian deposits were only about 1 to 1.5 km thicker in the Mountain Falls area than in the Keyser area. This difference in overburden is the right order of magnitude to account for a one-half index increase in CAl in Lower Devonian rocks from Keyser to the Mountain Falls area. Medium-light-gray-to grayish-orangeweathering, light-to medium-light-gray, finegrained limestone with wispy silty layers in beds 1-2 em thick. Heavy-mineral concentrate: iron-oxide flakes, weathered and fresh euhedra and euhedral clusters of pyrite, phosphatic brachiopod fragments , fluorite , minor dolomite (some euhedral) and rare muscovite and biotite. 9.4 kg ; 600 g +20 mesh and 556 g 20-200 mesh insoluble residue. Medium-gray-weathering, medium-to medium-dark-gray, fine-grained , mudstone/ wackestone containing fossil hash and scattered, slightly to moderately domal stromatoporoids (5-6 em in diameter) near top of 40-cm -thick massive bed . Heavy-mineral concentrate: iron oxides, phosphatic brachiopod fragments , and rare pyrite clusters and euhedral dolomite. 10.1 kg ; 60 g +20 mesh and 93 g 20-140 mesh insoluble residue. Lithology, sample and residue weights, and mineralogy are not available.
ANALYSIS OF
Light-olive-gray-weathering , medium-lightgray, thick-to massive-bedded, fine-grained limestone. Heavy-mineral concentrate ; mostly dolomite, fluorite , and weathered and fresh pyrite euhedra and pyritized spines and argillaceous flakes. 9.4 kg ; 60 g +20 mesh and 82 g 20-200 mesh insoluble residue. Medium-dark-gray, fine-grained, massive, bioturbated limestone. Heavy-mineral concentrate : fresh and weathered pyritized sponge spicules(?) , iron oxides, minor euhedral dolomite and rare phosphatic brachiopod fragments. 10.6 kg ; 80 g +20 mesh and 19 g 20-200 mesh insoluble residue. Grayish-orange-to light-gray-weathering, medium-to medium-dark-gray, fine-to very fine grained, wispy laminated to burrowmottled limestone. Heavy-mineral concentrate : phosphatic brachiopod fragments, pyrite druses on argillaceous flakes, fresh and weathered euhedral pyrite, and minor euhedral and anhedral dolomite. 8.5 kg ; 540 g +20 mesh and 38 g 20-200 mesh insoluble residue.
1Conodont sample localities are labeled alphanumerically ; letters represent an abbreviation of the quadrangle name and are numbered consecutively within each quadrangle according to decreasing geologic age. Some localities represent several samples within a section or samples too closely spaced to show separately at the map scale. These samples are listed separately here and on the stratigraphic column by a lettered suffix (e.g ., IN-Sa through Si). Samples can also be located by alphanumeric map grid number. ... 
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Ml-7
39°03'42" , R0451
78°21'10" (10955-CO)
Ml-8
78°19'36" (10903-CO)
Ml-9
39°00'22" , C6-A 78°18'52" (10956-CO) Ml-9 39°00'22" , C6-B 78°18'52"
39°00'22" , C6-C 78°18'52"
Ml-9 Very fine grained, very thin bedded to thinbedded, medium-gray to grayish-black shaly carbonate mudstone. Heavy-mineral concentrate: argillaceous flakes containing pyrite euhedra. 6.0 kg; 1.12 kg +20 mesh and 300 g 20-200 mesh insoluble residue.
Collected by J. B. Epstein.
Barren . Very fine grained, very thin bedded to thinbedded, medium-gray to grayish-black shaly carbonate mudstone. Heavy-mineral concentrate: iron oxides and minor barite and pyrite euhedra. 6.0 kg; 2.76 kg +20 mesh and 424 g 20-200
Barren. Very fine grained , very thin bedded to thinbedded, medium-gray to prayish-black shaly carbonate mudstone. Heavy-mineral concentrate: iron-oxide flakes and minor anhedral pyrite. 6.0 kg; 2.8 kg +20 mesh and 87 ·g 20-200 (West Virginia) Stephens City Clarke (H2) (Virginia) Stephens City Frederick (H2) (Virginia) Stephenson Clarke (13) (Virginia) Stephenson Clarke (13) (Virginia) Stephenson Clarke (13) (Virginia) Stephenson Frederick (13) (Virginia) Stephenson Clarke (13) (Virginia) 
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